As the global burden of cardiovascular disease continues to increase worldwide, nurturing the development of early-career cardiologists interested in global health is essential in order to create a cadre of providers with the skill set to prevent and treat cardiovascular diseases in international settings. As such, interest in global health has increased among cardiology trainees and earlycareer cardiologists over the past decade. International clinical and research experiences abroad present an additional opportunity for growth and development beyond traditional cardiovascular training. We describe the American College of Cardiology International Cardiovascular Exchange Database, a new resource for cardiologists interested in pursuing short-term clinical exchange opportunities abroad, and report some of the benefits and challenges of global health cardiovascular training in both resource-limited and resource-abundant settings.
Introduction
Noncommunicable diseases are the leading cause of death worldwide, of which cardiovascular disease (CVD) is the leading cause of morbidity and mortality, accounting for 46.2% of noncommunicable deaths (1) . Three-quarters of all CVD-related deaths occur within low-and middle-income countries (1, 2) . Significant resources and financial investment are required for the prevention and treatment of CVD (3, 4) , and many patients in low-and middle-income countries do not have access to treatment strategies considered standard of care in higher income countries (5, 6) . The call has been made for CVD, along with other noncommunicable diseases, to rise in priority on the global health agenda (7, 8) . For the past 3 years, the American College of Cardiology (ACC) has advised the United Nations on efforts to curb the incidence of noncommunicable diseases. Most recently, the ACC endorsed the global effort to reduce premature deaths from noncommunicable diseases by "25 percent by 2025" and published a statement as part of the Global Cardiovascular Disease Taskforce urging the adoption of stringent targets in this initiative (9) .
In addition to advocacy, there is a need to train providers with the skill set to prevent and treat CVD in international settings (10) . Over the past decade, interest in global health has increased and programs that offer international clinical and research rotations are becoming more desirable to future trainees (11) , including cardiology fellows and early-career cardiologists. In 2009, the National Institutes of Health (NIH) and the National Heart, Lung and Blood Institute (NHLBI), increased their commitment and funding towards reducing the global burden of noncommunicable diseases (12) with the creation of 11 Centers of Excellence worldwide, focusing on the development of research infrastructure and training programs, and providing new research opportunities for cardiology trainees. Despite the growing interest in global CVD, there are few structured opportunities for trainees and earlycareer cardiologists to participate in global health initiatives. Furthermore, the impact of global health experiences on cardiovascular training among those who have participated in international clinical or research activities remains unclear., We herein briefly describe the current international educational efforts fostered by the ACC Early Career International Working Group and provide reflections from the authors' collective international experiences regarding the challenges and importance of global health experiences in the development of early-career cardiologists.
The ACC International Cardiovascular Exchange Database
An increase in access to technology, the globalization of medical collaboration, and the speed of dissemination of care processes all create a unique and exciting opportunity for multinational educational exchange that can greatly benefit the global approach to treatment of CVD, as well as the professional growth of early-career cardiologists. One of the Early Career Section's latest initiatives to support the growth of our colleagues and promote the exchange of cardiovascular medical skills, expertise, and knowledge has been the creation of the ACC "International Cardiovascular Exchange" database (13) . This database leverages the ACC's international network to generate a list of institutions interested in hosting visiting cardiologists. With contact information for more than 50 institutions from 24 countries (Table 1) , the database aims to provide a starting point for health care professionals who would like to pursue an international cardiovascular exchange. As the number of early-career cardiologists internationally grows (Table 2 and Figure 1 ), significant interest in gaining experience outside one's country has developed. Although this is a relatively new resource, and a formal feedback process is currently being developed, the database has already drawn interest and generated international exchange opportunities among participants (14) . The logistics of arranging an international exchange experience, including costs and application process, vary by location. Further information on required documentation and point of contact within a selected country can be found at the International Cardiovascular Exchange website (13) . Table 3 also lists additional resources available to early-career cardiologists interested in global health.
Lessons Learned Abroad: Reflections from the Perspective of Early Career Cardiologists
Although the expense and time investment required for participating in international experiences can be daunting, the benefits gained by both the travelling physician and the local institution are often worth the effort. Table 4 lists the most commonly cited benefits of global health experiences for trainees. These benefits develop through personal interactions and are learned primarily through experience. Thus, they reflect similar life lessons that can be gained from exposure to a broad range of cultures and environments available internationally. In the following sections, the authors describe some of their own global health experiences, including some common challenges of global health training, provide examples of additional lessons learned that are unique to cardiovascular trainees within a global health setting, and reflect on the importance of these experiences for trainees and early-career cardiologists.
Lesson 1: Mastering the Bedside Physical Exam and Mobile Technology in
Resource-Limited Settings-"Over the past several years, the use of mobile health technologies and interventions has had a positive impact on patient care and health care service delivery processes within developed nations (15) . Mobile technologies can also be leveraged to address current health care system needs and delivery challenges, especially in resource-limited settings (16), a lesson I learned while working as a cardiologist and educator in Blantyre, Malawi. Practicing in areas with limited resources as a trainee was a powerful career development experience. Given the resource constraints within the hospital, such as difficulties in obtaining a basic metabolic panel or chest x-ray, careful history taking and mastery of the beside exam were essential tools for providing good patient care. Additionally, bedside availability of electrocardiograms (ECGs) and transthoracic echocardiograms were extremely limited. For example, without an echocardiogram to confirm the diagnosis, a patient with massive ascites, exophthalmos, elevated jugular venous pressure, and no lower extremity edema often had either endomyocardial fibrosis or Burkitt's lymphoma. Now, with the introduction of smartphones capable of providing an instant ECG rhythm strip and a pocket-sized echocardiogram, patients can get more rapid cardiovascular diagnoses. For trainees, using this technology has improved their physical exam and hands-on skills. Although it is an unusual dichotomy that a more advanced technology has become an essential extension of the history and physical exam in a resource-limited setting, it helps trainees develop more detailed assessments and plans, while simultaneously increasing the availability of an otherwise limited resource for patients."
Lesson 2: Learning New Skills and Using Technologies Not Yet Available in the United
States-"European markets often have experience in devices and interventions years earlier than the United States, mostly due to the differences in approval processes between the Conformité Européenne mark and the U.S. Food and Drug Administration (17) . This leads to delayed or limited access to new treatment choices in the United States, and a preference by medical device companies for European markets for initial release, which has specific implications for U.S. physicians, as well as patients.
For an early-career cardiologist in the United States interested in an emerging field, such as interventional structural heart disease, it is often difficult to obtain enough clinical volume during the early phase. This is due to a combination of late access to technology, early restriction of devices to only within the context of clinical trials, and, in many cases, preferential case assignment to established and more senior physicians at a center. Having had further training and now being on the staff of the Cardiovascular Center in Frankfurt, Germany after completing a U.S.-based interventional cardiology fellowship program has provided exposure to a much larger clinical volume and to new technologies at an earlier career stage. Exposure to new technologies at an earlier career stage and to operators with more experience enhances one's clinical competence. In addition, connections made with key opinion leaders abroad allow a closer relationship and partnership, which fosters clinical research, innovation, and intercontinental scientific collaborations. This can help disseminate new techniques and findings to the U.S. community, as well as provide common ground to test and validate these interventions in the future."
Lesson 3: Combining Work Efficiency and "Big Data"-"As a trainee, one of the biggest challenges is learning how to work quickly and efficiently in a busy clinical practice. This is a challenge across many academic health care systems, but one that was actively addressed at The Fu Wai Hospital in Beijing, China. The hospital has 12 catheterization laboratories that run 2 shifts totaling 18 h per day. The efficiency with which complex cases were performed and patients were treated was extraordinary, and can be a significant case study for those interested in running a more lean and streamlined cardiovascular division. Additionally, there are over 100 fellows and research statisticians working side by side with clinicians and every patient is placed into a large data registry. Despite their high clinical volume, internal quality review programs were essential in maintaining and delivering highquality care. Having this experience allowed me to witness, in real-time, how 'big data' can be used for individual patient care, research, and improvement of workflow processes. Whereas,, in places like the United States, the potential for 'big data' to revolutionize cardiovascular care is still in its infancy, in some countries it is already a reality."
Lesson 4: Using Evidence-Based Medicine When No "Evidence" Exists-"Understanding how to manage and treat hypertension in resource-limited settings, such as Khartoum, Sudan, is complex. First, the majority of physician visits are for urgent care and not for the management of noncommunicable diseases. Secondly, whereas U.S.-based hypertension treatment guidelines suggest that first-line antihypertensive treatment for a black population should include diuretic agents or calcium-channel blockers (18) , these medications may not always be available in the pharmacy. For those who are prescribed diuretic agents, medication choice is also influenced by whether patients will return for a laboratory visit to check a basic metabolic profile. Although these challenges are certainly not unique to Sudan and are also challenges in the United States, having this experience while a trainee underscores the various social determinants of health that one must continuously consider when treating patients both here and abroad.
Recognizing the unique challenges to diagnosis and treatment of CVD within low-and middle-income countries, such as Sudan, is crucial in developing cost-effective and culturally relevant treatment plans, when addressing the growing burden of noncommunicable diseases in countries within sub-Saharan Africa. Additionally, given the growing evidence that CVD varies with ethnic origin (19) , this training experience in Sudan also helped highlight the challenges in adopting U.S.-based cardiovascular treatment guidelines that have not been validated in the particular population where one is practicing, and underscores the need for further epidemiological research in global health settings." resources. The main lesson learned was that to successfully implement research in this setting, it was impactful to focus on local research priorities and common large-scale issues, such as hypertension or smoking cessation. Furthermore, successful partnerships, such as that between the Institute of Clinical Effectiveness and Health Policy in Argentina and Tulane University in the United States, can lead to collaborative problem solving and development for both groups. Forming these global cardiovascular research and mentorship relationships as a trainee provides one with a broader network of collaborators at a critical time in the transition to an academic early-career cardiologist." Lesson 6: "Choosing Wisely:" Learning Cost-Effectiveness-"The dichotomy of medical care in low-and middle-income countries was evident during time spent at an academic hospital in Mumbai, India. Those with financial means have access to advanced contemporary cardiovascular services, such as percutaneous left ventricular assist devices and transcatheter aortic valve replacements. Unfortunately, poorer patients are often managed medically until their families can accumulate monetary funds to purchase more costly treatments, and medical wards are often overcrowded with patients. The cardiac catheterization laboratory highlights the lack of resources available to treat the burgeoning hospital census: all disposables, including the drapes, shield covers, syringes, and needles, are resterilized and reused to contain costs. The choice of pharmacological therapy, devices, and products depend on the resources available to the patient's family. It was rather a revelation of what is taken for granted in the health care system in the United States. Thus, careful triage, was paramount, and one learned early on how to choose from limited resources. In the current U.S. health care environment and for the future, it is crucial for the practitioner to learn how to best utilize the available health care resources to provide the highest quality of care for patients. These experiences teach one the concept of 'choosing wisely' and enables one to better teach students, residents, and fellows the fundamental health care concepts of triage and resource allocation."
International Exposure Shapes and Refines the Cardiology Trainee
As these aforementioned experiences highlight, there are many benefits of global health experiences for cardiology trainees, from both a clinical and a research perspective. Because global health clinical training opportunities often challenge trainees to deliver health care in resource-limited settings, trainees who spend time abroad develop cost-effective skills that can be applied within their own domestic communities. These are essential practices to acquire as early-career cardiologists during the current economic environment and the era of health care reform (20) . Additionally, techniques learnt in resource-limited environments can have an impact on care provided in higher-income countries: as an example, care provided in large natural disasters usually requires experience in improvised medical treatments and therapeutics, as well as in triaging of critically-wounded patients. Besides learning costeffectiveness, trainees spending time in low-and middle-income countries may be exposed to the use of low-cost diagnostic mobile imaging devices used for point-of-care testing, which can also be adapted and used in underserved areas within their own countries. Lastly, for trainees spending time abroad in higher-income countries, the exposure to new technologies at an earlier career stage and to operators with more experience enhances one's clinical competence.
In addition to clinical training, the experience of working abroad can also influence a trainee's decision to pursue a research career focusing on global health and cardiology. For those interested in global CVD research, there are several funding pathways via the NIH, as well as nonprofit organizations and foundations (Table 3) (21) . These intercontinental research collaborations improve local research capacity for both low-and middle-income countries and domestic-based U.S. researchers. Additionally, as more multinational cardiovascular data registries are created and an increasing number of prospective cohort and randomized clinical trials are being conducted via international collaborations, more opportunities for translational cardiovascular research via multidisciplinary collaborations will be available.
A new emerging field within global health is implementation science or "global health delivery." Although current evidence-based interventions exist for noncommunicable diseases, one of the unique challenges in low-and middle-income countries is implementing these interventions in resource-constrained settings (22) . Furthermore, many of these evidence-based interventions have been validated mostly in American and European populations, and not necessarily in the population where one is practicing. Additionally, there is often a health care delivery "gap" due to a lack of human resources, medications, and/or availability of adequate health care facilities and programs for noncommunicable disease management. Because implementation research can generate knowledge applicable to a variety of resource-limited settings in low-and middle-income countries, and even within high-income countries (22) , early-career cardiologists with these global health research experiences will provide a complementary perspective and an additional skill set to the academic research environment, both domestically and internationally. Furthermore, these trainees may be uniquely equipped to influence future policies and research priorities.
Additional Challenges Faced by the Global Health Trainee
In addition to the time investment and financial costs associated with international clinical and/or research experiences, there can be some unexpected challenges and untoward consequences secondary to the local geopolitical environment that can negatively impact training. As a consequence of the increased interest in global health, there has been a rise in the importance of global health issues across the international political landscape (23) . Global health issues are now often linked with foreign policies (23) and influenced by a country's local geopolitical environment. For example, in countries with minimal health care capacity and infrastructure, a local outbreak of an infectious disease can rapidly shift health care priorities away from noncommunicable diseases, such as CVD. Priorities across major funding institutions within high-income countries can likewise shift, depending on the farreaching consequences of an emerging infectious disease threat on the global economy. Political instability within a country can also hinder clinical experiences, and disrupt longitudinal research projects and multinational collaborations. This can be detrimental, especially for those supported by early-career development awards. Furthermore, political turmoil often leads to increased migration within countries and immigration to higherincome countries, such as the United States, and may ultimately affect population demographics and common disease pathologies domestically. As a result, early-career global health cardiologists must be mindful of the local geopolitical environment within countries abroad and the impact it may have on one's training, both domestically and internationally. Learning how to successfully navigate the local geopolitical environment will be an essential part of global health training.
Lastly, for those interested in a global health cardiovascular research career and/or long-term clinical experiences abroad, additional challenges may also arise with regard to career planning, mentorship, and dedicated institutional support during extended time away (21) .
Conclusion
International clinical exposure is a key component in the development of many early-career cardiologists. Immersion in a foreign culture with new sets of challenges, whether in a resource-limited or resource-abundant environment, tends to forge the best traits in practitioners: courage, persistence, creativity, and innovation. Global health experiences have the potential to create truly impactful clinical situations, combined with an appreciation for practice in an environment where resources may not always be readily available. These experiences create a deep desire for improved collaboration worldwide and create clinicians who value every resource made available in whichever country they ultimately practice. Finally, the potential for research, early use of novel technologies, and new discovery remains a key driver for those seeking such experiences. Early-career cardiologists, in particular, are urged to spend time outside their comfort zones, in global health rotations or experiences, in an effort to grow their individual health care perspectives, create new collaborative relationships, and further their careers. Ultimately, the prevention and treatment of the growing burden of CVD worldwide will require a cadre of cardiologists with global health skills and expertise. iii. Fulbright-Fogarty Fellows and Scholars in Public Health: available to U.S. citizens only (27) b) NHLBI:
i. United Health and NHLBI Collaborating Centers of Excellence: List of collaborating centers of excellence and developed country partners conducting research and training to improve prevention and management of chronic CVD (28) ii.
Global Alliance for Chronic Diseases: List of currently funded research initiatives aimed to reduce the impact of hypertension worldwide (29) 2 
